Background: In procedures involving surgical maneuvers such as cannulation, clamping, or proximal anastomosis where aortic manipulation is inevitable, a preliminary assessment of atherosclerotic plaques bears clinical significance. In the present study, our aim was to evaluate the frequency and distribution of aortic calcifications in patients undergoing coronary artery bypass grafting (CABG) surgery to propose a morphological classification system. Methods: A total of 443 consecutive patients with coronary artery disease were included in this study. Preoperative non-contrast enhanced computed tomography images, in-hospital follow-up data, and patient characteristics were retrospectively evaluated. Results: Whereas 33% of patients had no calcifications at any site in the aorta, 7.9%, 75.4%, and 16.7% had calcifications in the ascending aorta, aortic arch, and descending aorta, respectively. Focal small calcifications were the most common type of lesions in the ascending aorta (3.9%), whereas 9 patients (1.4%) had porcelain ascending aorta. We defined four types of patients with increasing severity and extent of calcifications. Conclusions: Based on the frequency and distribution of calcifications in the thoracic aorta, we propose a classification system from least to most severe for coronary artery disease patients who are candidates for CABG.
Introduction
Atherosclerotic plaques of the ascending aorta represent a potential risk factor for certain complications during cardiac surgery [1, 2] , particularly for cerebrovascular events (CVEs) due to cerebral embolization of debris that breaks off from the atheromatous plaque [3] . Aortic atheromas are characterized by a minimum intimal thickening of 2 mm as well as increased echogenicity or density. Increasing plaque thickness with resultant protrusion into the lumen with mobile fragments is associated with a significantly increased risk of stroke. According to the French Aortic Plaque in Stroke Group statement, the presence of a plaque >4 mm in thickness is associated with a significant risk of stroke [4] . Thus, in procedures involving unavoidable aortic manipulation such as cannulation, clamping, or proximal anastomosis, pre-assessment of atherosclerotic aortic plaques should be undertaken [1, 5] . Diagnostic modalities commonly used for this purpose include intraoperative epicardial echocardiography, computed tomography (CT), and transesophageal echocardiography (which is routine for all heart cases in most United States hospitals).
Aortic atherosclerosis frequently co-exists with aortic calcifications. Previous findings also suggest an association between cardiovascular adverse events and aortic calcifications, which is a common coincidental finding on chest X-rays or CT imaging studies performed for other reasons [6] . Patients with coro-nary artery disease have an increased frequency and extent of such calcifications [7] . Therefore, the objective of the current study was to determine the incidence and distribution of calcifications of the thoracic aorta in patients undergoing elective coronary artery bypass grafting (CABG). Additionally, we propose a new method for the classification of calcifications of the thoracic aorta for this patient population.
Materials and Methods
A total of 433 CABG surgery patients evaluated by thoracic CT for any reason (mainly pulmonary) between 2012 and 2016 were included. Patient data were retrospectively evaluated using the hospital database and surgery notes. Patients underwent a CT imaging study of the thorax without intravenous contrast enhancement prior to surgery using the same device and imaging protocols. The distribution and localization of aortic calcifications in acquired images were recorded.
Computed Tomography Protocol
A 128-slice multidetector spiral thoracic CT scan (Optima, GE Medical Systems, Waukesha, WI) was performed during a 15-s period of apnea at the end of a normal inspiration. Exposures were taken at 120 kV and 200-250 mA. Scanning was performed from the apex of the lung to the diaphragm level.
Statistical Analysis
Demographic characteristics were expressed as mean ± standard deviation and analysed using Pearson's Chi-square or Fisher's exact tests. Mann-Whitney U tests were performed for comparisons of continuous variables. Potential independent predictors of outcome were identified by univariate analyses. A p < 0.05 was considered statistically significant.
Results
Whereas 33% of patients had no aortic calcifications, 10.8% had isolated calcifications in the descending aorta. Isolated calcifications of the ascending aorta were rare (6 patients, 1.4%). Multifocal calcifications were present in most patients (237 patients, 54.7%).
The most frequent sites of calcifications were the arch, the descending, and ascending aorta (75.4%, 16.7%, and 7.9%, respectively). Most calcifications in the aortic arch were found around branching points. The three branching points from the arch (i.e., brachiocephalic artery, left common carotid artery, and left subclavian artery) were categorized as segment 1, 2, and 3, respectively (Figure 1 ). Most calcifications occurred in the third segment of the aortic arch (32.9%) followed by the second (20.6%) and first (15.3%) segments. In addition to calcifications at branching points, there were also smaller foci of calcifications with somewhat variable anatomical locations in a single CT cross-section as well as more extensive patchy areas of calcification. Table 1 shows detailed information on the anatomical distribution of calcifications.
No preoperative characteristics were significantly different between patients with porcelain aortas and those with normal aortas ( Table 2) .
The most frequent type of calcifications in the ascending aorta were small, focal calcifications (3.4%) with no specific disposition for an anatomical site, as was the case for patchy calcifications. There were 9 pa- tients (1.4%) with annular calcifications involving more than 75% of the diameter of the ascending aorta (i.e., porcelain aorta); none of these patients experienced a neurological adverse event.
In two patients (0.5%) with no calcifications or thickening on CT images of the ascending aorta, extensive palpable areas of firmness were detected during the intraoperative examination of the ascending aorta. Based on the potential presence of atherosclerotic plaques in such areas, aortic manipulation was avoided and proximal anastomoses were performed on the left internal mammarian artery or intact right brachiocephalic trunk.
An assessment of CT images allowed the classification of patients with aortic calcifications into several groups (Figure 2 ) as follows: Type 1. Single area of calcification at the origin of the brachiocephalic artery, left common carotid artery, or left subclavian artery.
Type 2. Calcification in at least two origins of the brachiocephalic artery, left common carotid artery, or left subclavian artery and/or small foci of calcifications in the ascending or aortic arch. Type 3. Presence of non-annular, patchy calcifications in the ascending aorta in addition to calcifications at the origin of the brachiocephalic artery, left common carotid artery, or left subclavian artery.
Type 4. Extensive annular ascending aortic calcifications frequently accompanied by significant calcifications at other areas. Table 3 shows the distribution of the number of patients in each group. The severity and extent of calcifications increased from the top to the bottom.
The severity and distribution of calcifications in the descending aorta was independent of those of the ascending and aortic arch; even in patients with complete absence of calcifications in other thoracic aortic segments, some had annular calcifications of the descending aorta. Therefore, a separate category of calcification in the descending aorta in addition to the above-mentioned types may provide additional clarity on the site of calcifications. Furthermore, the absence of information on the descending aorta can be considered acceptable in this group of coronary artery disease patients because it does not have direct consequences on the surgical protocol.
Discussion
The presence of severe calcifications in the ascending aorta and aortic arch may alter the course of a scheduled cardiac surgical procedure and is associated with an increased risk of morbidity and mortality [2, 8] . A change in the site of cannulation and type of graft upon detection of aortic calcifications after sternotomy may require the use of another myocardial protection technique or intra-aortic balloon occluder [9] . Therefore, these lesions should ideally be identified prior to the surgical procedure to allow readiness for all scenarios. In our unit, all cardiac surgery patients have undergone routine CT scanning of the thorax for the past 3 years to evaluate the ascending aorta or identify possible pulmonary pathologies before surgery. Among our patients, 67% had calcifications in the thoracic aorta, whereas only 9 (2.3%) had porcelain ascending aorta. Thus, we proposed a morphological classification system based on the distribution of calcified lesions.
CVEs are one of the most serious complications of CABG surgery, with a reported incidence between 1.4% and 3.8% [10] . In most studies comparing percutaneous coronary intervention (PCI) with CABG, surgical procedures were more frequently associated with CVEs [11, 12] . Etiological factors for CVEs occurring after CABG include intracranial cerebral atherosclerosis, extracranial carotid artery stenosis, atherosclerosis of the thoracic aorta, and other causes associated with cardiopulmonary bypass itself [13] .
A limited number of previous studies have examined aortic calcifications in similar groups of patients. Information on the incidence of porcelain aorta in coronary artery disease patients is also scarce. In a study by Nishi et al. examining aortic calcifications in patients undergoing a variety of cardiac procedures [9] , the incidence of severe calcifications (described as porcelain aorta, Type 4 in this study) in the ascending aorta was almost 3-fold higher (1.41% vs. 4.33%) than that in our study. In this previous study, the presence of severe calcifications in the ascending aorta was associated with preoperative renal dysfunction, dialysis, and aortic valve stenosis, although only aortic stenosis emerged as a predictor of severe calcification of the ascending aorta in multivariate analysis [9] . On the other hand, no preoperative parameters had predictive value for severe calcifications of the ascending aorta in our study. This may be due to the limited number of parameters examined or the smaller number of patients with renal dysfunction.
Intraoperative epiaortic ultrasound examination of the aorta is another valuable tool for detecting aortic * Isolated descending aortic calcification was detected in 47 of 433 patients. These patients were not classified into the groups and were not were not accounted for in the total number. Original Research Article atherosclerosis [14] . However, preoperative detection of severe porcelain aorta cannot be considered equivalent to its identification only after the sternum is opened, as the latter represents a much less predictable surgical course both for the patient and surgeon. However, preoperative detection of these lesions with detailed examination would allow preparation of the cannulation site (femoral, subclavian artery, or axillary artery) and the planning of logistic arrangements. In 9 patients with porcelain aorta in our study, the site of arterial cannulation was prepared prior to surgery based on the results of preoperative assessments, and CABG on a beating heart was performed without complications or manipulation of the aorta.
On the other hand, detection of porcelain aorta in an elderly patient with two/three vessel disease may allow the heart team to opt for PCI rather than CABG in appropriately selected cases based on a risk-benefit analysis. Therefore, despite its cost, preoperative use of CT, at least in select patient populations, may be a rational approach. In countries with a relatively low cost of CT imaging (i.e., €18 for a non-contrast enhanced chest CT scan in Turkey), its routine use may also be considered a viable option, as it may provide certain advantages. Although international classification systems have been developed for certain pathological conditions of the aorta such as aneurysms or dissections, no consensus-based classification system for atherosclerotic aortic disease exists. Classification of calcified lesions of the aorta may allow sharing of information on a common ground before and during surgery. Amorim et al. divided thoracic aortic calcifications into two types as a means for such a classification [15] , with Type 1 and Type 2 calcifications involving lesions in the ascending aorta and descending and/or aortic arch, respectively. Type 1 was further divided into the sub-groups of Type 1a, in which clamping is unachievable, and Type 1b, in which adequate tissue exists for clamping. Accordingly, porcelain aorta was considered Type 1a, whereas patchy calcifications with areas of no calcification allowing clamping was considered Type 1b. Although this is a practical approach, it is essentially a functional classification, and the authors emphasized that it was not an all-encompassing classification system for all localizations.
On the other hand, the classification proposed here was developed based on the frequency of occurrence and severity of calcifications, which increases as one advances from Type 1 to Type 4. Type 1, the most frequent pattern, includes patients who have no lesions in the ascending aorta or body of the aortic arch but have small foci of calcifications in the branching points of the aortic arch. Type 2 consists of small foci of calcifications in the aortic arch or ascending aorta. Type 3 consists of patchy areas of calcifications along with arch calcifications. Finally, Type 4 refers to severe circumferential calcifications. Thus, this classification system considers not only the site but also the size and severity of the lesions. This may be used as a guide for further studies aiming to support a common terminology.
A major limitation of our study is the inclusion of elective CABG patients only. Also, soft atheromatous plaques or penetrating ulcers of the aorta could not be evaluated, as non-contrast enhanced CT was utilized. It should be noted that although calcification constitutes a major component of atherosclerosis of the aorta, non-calcified soft plaques may also cause stroke. During retrospective analysis, we observed that intraoperative epiaortic ultrasound was irregularly used, as surgeons preferred its use only in suspected ascending aortas instead of routine practice. Therefore, we did not use this data to prevent potential bias. Despite these limitations, our findings allowed the development of a useful and practical classification of thoracic aortic calcifications.
In conclusion, this study provided information on the frequency and distribution of calcifications in the thoracic aorta in patients undergoing elective CABG. Using this information, we proposed a classification system grouping patients from mild to severe forms of calcification. Preoperative use of CT provides practical surgical information in patients with porcelain aorta who may otherwise experience catastrophic complications.
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